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Topotecan is a specific inhibitor of topoisomerase I. An oral formulation of topotecan is available with
a bioavailability of 32-44% in humans. A phase I and pharmacological study of the oral formulation of
topotecan administered daily for 5 days every 21 days was performed in adult patients with solid
tumours to determine the maximum tolerated dose (MTD). Adult patients with a WHO performance
status <2 adequate haematological, hepatic and renal functions, with malignant solid tumours
refractory to standard forms were entered into the study. Pharmacokinetics were performed on days 1
and 4 of the first course using a validated high performance liquid chromatographic assay. 29 patients
entered the study, all patients were evaluable for toxicity and response. The doses studied in the 29
patients were 1.2, 1.8, 2.3, 2.7 mg/m?/day and a fixed dose of 4 mg/day without surface area adjustment.
A total of 109 courses were given. Dose limiting toxicity (DLT) was reached at a dose of 2.7 mg/m?/day
and consisted of CTC (NCI-Common Toxicity Criteria) grade IV granulocytopenia. The regimen was
well tolerated. Non-haematological toxicities were mild, including fatigue, anorexia, nausea, vomiting
and diarrhoea. A significant correlation was observed between the percentage decrease in white blood
cells versus the area under the curve (AUC(t)) of topotecan lactone (R=0.76 P<0.01) which was
modelled by a sigmoidal E,,,, function. The correlation coefficient between the absolute topotecan
dose administered and the AUC(t) was R=0.52 (P=0.04). Pharmacokinetics of the fixed dose of 4 mg/
day were comparable to the 2.3 mg/m?/day dose. DLT in this phase I study of five daily doses of oral
topotecan every 21 days was granulocytopenia. The recommended dose for phase II studies is 2.3 mg/
m?/day or alternatively, a fixed dose of 4mg/day. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
TOPOTECAN, 9-dimethylaminomethyl-10-hydroxycamptothe-
cin, is a water soluble semisynthetic analogue of camptothe-
cin [1]. Like camptothecin, topotecan is a specific inhibitor of
topoisomerase I. Topoisomerase I is a nuclear enzyme that
resolves topological problems of torsionally strained (super-
coiled) DNA. This is achieved by forming a covalent adduct
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between topoisomerase I and DNA, termed the cleavable
complex. This catalytic intermediate creates single strand
breaks, allowing the DNA molecule to rotate around the
intact DNA strand at the cleavage site, leading to a relaxation
of the DNA molecule and in this way replication, transcrip-
tion and other DNA functions can proceed. These enzyme-
bridged breaks are then resealed by topoisomerase I [2-6].
Topoisomerase I inhibitors interfere with the breakage—
reunion process by stabilising the cleavable complexes,
thereby preventing the resealing of single strand DNA breaks
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in the presence of the drug. Cytotoxicity is more specific to
the S phase of the cell cycle in which double strand breaks
occur due to prolonged stabilisation of the cleavable com-
plexes [7,8]. Phase I studies with single daily intravenous
(i.v.) bolus for 5 days every 3-4 weeks, have indicated a
maximum tolerated dose (MTD) of 1.5mg/m?day with
myelosuppression, in particular neutropenia, as the dose lim-
iting toxicity (DLT) [9-12]. Non-haematological toxicities
were usually mild and reversible. Phase II studies with this
regimen given every 21 days showed promising results in
patients with small cell lung cancer and in pretreated patients
with ovarian cancer [13-19]. Recently, the drug was regis-
tered for the latter indication. Other solid tumours appear
much less sensitive to this regimen [20-29]. Daily i.v.
administration of topotecan is inconvenient to patients, and
oral administration would be a more convenient method of
drug administration.

Recent studies in humans using oral administration of the
i.v. formulation revealed a 32-44% bioavailability of oral
topotecan [30,31]. No relationship was found between bio-
availability of topotecan and age, gender, performance score
and the presence of liver metastasis [31]. We present a phase
I study of oral topotecan once daily x5 every 3 weeks, a dose
schedule comparable to the daily x5 i.v. administration.

PATIENTS AND METHODS

Patient selection

Patients with a histologically confirmed diagnosis of malig-
nant solid tumour refractory to standard forms of therapy
were eligible. Other eligibility criteria included: age > 18 years;
WHO performance status < 2; an estimated life expectancy of
> 12 weeks; no previous anticancer therapy > 4 weeks (6 weeks
for nitrosoureas or mitomycin C); adequate haematopoietic
(white blood cell (WBC) > 4x10°/1 and platelets > 100x 10°/1),
hepatic (bilirubin within normal limits, aspartate amino
transferase (AST), alanine amine transferase (ALT) and/or
alkaline phosphatase <2x normal), and renal function
(serum creatinine < 133 umol/l (2.0 mg/dl)). Specific exclu-
sion criteria included: active peptic ulcer or any gastro-
intestinal condition (including prior upper gastrointestinal
resection) which could alter absorption or motility; patients
taking H,-antagonists or proton pump inhibitors. All patients
gave written informed consent before entry into the study.

Trearment and dose escalation

Based on our previous data [32] using topotecan for 10
days once daily, and given the human bioavailability data
[30,31], the starting dose for the 5-day oral administration
was set at 1.2mg/m?day once daily. Courses were to be
repeated every 21 days as tolerated. Dose escalations were
based on the toxicity seen at the prior dose level. If no toxicity
was seen in the prior dose, <100% dose escalation was per-
mitted. However, if toxicity was seen, a dose escalation of
15% (depending on the type and severity of toxicity seen at the
previous dose level) was prescribed. 3 patients were entered at
the lowest dose level, and 6-8 patients were accrued on the
higher dose levels, to obtain some information on interpatient
variability in pharmacokinetics and related toxicity.

The MTD was defined as one dose level below the dose
that induced DLT, which were defined as CTC (NCI-Com-
mon Toxicity Criteria) grade IV haematological toxicity and/
or non-haematological toxicity > CTC grade III during the
first course in more than 2 of 6 patients. If neutropenia grade
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IV, thrombocytopenia > grade III and/or non-haematologi-
cal toxicity > grade III occurred during treatment days,
topotecan administration was stopped immediately. Intra-
patient dose escalation was not permitted.

For a patient with an average body surface area of 1.75 m?,
an absolute dose of 4mg/day could be calculated at the
achieved MTD dose level. 6 patients with different body
surface areas were studied, including pharmacokinetics, at
this fixed dose to determine whether dosing on a mg/m?/day
basis offered any advantage over the easier fixed dose. Topo-
tecan was supplied as capsules containing topotecan HCL,
equivalent to either 0.25, 0.50 or 1.00 mg of the anhydrous
free base. Capsules had to be stored between 2 and 8°C.
Capsules were taken with a glass of water in the morning on
an empty stomach with a period of 2h fasting thereafter.
Patients were treated as outpatients.

Treatment assessment

Prior to therapy, a complete medical history was taken and
a physical examination was performed. A complete blood
count (CBC) including WBC differential, and serum bio-
chemistry involving sodium, potassium, chloride, bicarbon-
ate, calcium, phosphorus, magnesium, creatinine, urea, uric
acid, bilirubin, AST, ALT, alkaline phosphatase, total pro-
tein and albumin were performed, as were urinalysis, elec-
trocardiogram and chest X-ray. Weekly evaluations included
history, physical examination, serum chemistry and toxicity
assessment according to the CTC [33]. CBC was determined
twice weekly. Tumour measurements were performed after
every two courses and evaluated according to the WHO cri-
teria for response [34]. Patients were taken off the protocol in
cases of disease progression.

Pharmacokinetics

For pharmacokinetic analysis, whole blood samples
(2.8 ml) in heparinised tubes were collected from an indwel-
ling i.v. canula, prior to dosing, 15, 30, 45min and 1, 1.5,
2.5, 3.5, 4.5, 8.5 and 12h after administration of the drug on
days 1 and 4 of the first course. The samples were processed
and analysed according to the method previously described
[35]. The lower limit of quantitation (LLQ) was 0.1 ng/ml for
topotecan lactone, as well as for the ring-opened hydroxy-
acid. The areas under the plasma concentration—time curves
((AUQ)o-infinity) of topotecan lactone and hydroxy-acid were
calculated by non-compartmental analysis (linear-logarithmic
trapezoidal method). The terminal half-life was calculated as
In2/k, where k is the elimination rate constant (h~1). The
AUC was fitted to the observed percentage decrease in WBC
using the sigmoidal E,,, model [36]. For all calculations, the
Siphar software package release 4.0 (Siphar SIMED, Cedex,
Creteil, France) was used. For statistical analysis, linear
regression analysis was employed to evaluate relationships
between dose and dose/m? and the AUC, and Pearson corre-
lation coefficients were calculated. Spearman rank correlation
coefficients were calculated between the AUC and the per-
centage decrease in leucocytes, granulocytes and platelets.

RESULTS
A total of 29 patients were entered into the study. Patient
characteristics are given in Table 1. All patients were eligible
and evaluable for toxicity and response. The total number of
evaluable courses was 109. The median number of courses
given per patient was two (range 1-14).
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Table 1. Patient characteristics

No. patients entered 29
No. patients evaluable 29
Age (years)

Median 53

Range 27-72
Sex

Female 16

Male 13
WHO performance status

Median 0

Range 0-1
Prior treatment

Chemotherapy 19

Radio- and chemotherapy 3

No prior therapy 7
Tumour types

Colorectal 10

Ovarian 3

Hepatocellular 2

Breast 2

Non-small cell lung cancer 2

Small cell lung cancer 2

Miscellaneous 8

The dose levels studied were 1.2, 1.8, 2.3, 2.7 mg/m?/day
and an additional dose level of 4 mg/day fixed dose.

Haematological toxicity

CTC grade III-IV leucopenia and granulocytopenia were
observed in 13 (11.9%) and 23 (21.1%) of 109 courses,
respectively (Table 2). Myelosuppression was dose limiting at
2.7 mg/m?/day in 3 of 7 patients, involving both granulocyto-
penia and thrombocytopenia grade IV. CTC grade III-IV
granulocytopenia occurred in all 7 patients at this dose level,
3 patients had concomitant CTC grade III-IV thrombocy-
topenia. CTC grade IV granulocytopenia was complicated in
1 patient by neutropenic fever lasting 2 days. CTC grade 11—
IV myelosuppression occurred in four of 15 courses in 4 of 8
patients treated with 2.3 mg/m?/day, 2 of these patients were
heavily pretreated with three prior chemotherapy regimens.
The median day of onset of CTC grade III-IV leucopenia
was day 12 (range 9-15) with a median duration of 5.5 days
(range 3-10). CTC grade III-IV granulocytopenia occurred
at a median of 11 days (range 8-15) with a median duration
of 6.5 days (range 2-12).

In eight courses (7.3%) CTC grade III-IV thrombocyto-
penia was observed, seven times in conjunction with CTC
grade III-IV granulocytopenia. CTC grade III-IV thrombo-
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cytopenia occurred on day 14 (range 10-15) with a median
duration of 7 days (range 2-12 days). In view of these side-
effects, 2.3 mg/m?/day topotecan for 5 days was considered to
be the MTD.

Treatment delay due to prolonged myelosuppression
occurred in 8 patients. One patient treated at the 4 mg/day
dose level had treatment delays of 1 week in three of 10
courses, because of CTC grade II granulocytopenia on day
21. In 7 patients, a treatment delay of 1 week occurred after
the first course because of slow recovery from CTC grade III-
IV granulocytopenia. Anaemia > CTC grade II occurred in
37 (33.9%) of 109 courses in 17 patients (58.6%). A total of
54 units of packed cells were given to 14 patients over 27
(24.8%) courses. Platelet transfusions were given in four
(3.7%) courses to 4 (13.8%) patients.

In the patients treated with the 4 mg/day fixed dose, no
clinically relevant myelosuppression was seen, six courses
with uncomplicated CTC grade III granulocytopenia occur-
red. In 1 patient, a treatment delay of 1 week occurred related
to persistent CTC grade II granulocytopenia on day 21 in
three of 10 treatment cycles.

Non-haematological toxicity

Non-haematological toxicity was mild. The most frequent
of these side-effects are listed in Table 3. CTC grade III
nausea and CTC grade III-IV vomiting were observed in five
(4.6%) and four (3.7%) of all courses, respectively. Mild
nausea and vomiting could be circumvented with standard
anti-emetics (peripheral dopamine antagonists).

Mild anorexia and mild fatigue were reported in 8 (27.6%)
and 14 (48.3%) patients, moderate anorexia and fatigue
occurred in 2 (6.9%) and 3 (10.3%) patients, respectively.
Fatigue was experienced during topotecan intake or in the
first week thereafter and subsided within a few days. In 1
patient (dose level 2.7 mg/m?/day), fatigue was the reason for
a 1 week delay of the next course. CTC grade II alopecia
occurred in 4 patients at the higher dose levels. Diarrhoea >
CTC grade II was seen in 6 patients (20.7%) at all dose levels
except 1.2 mg/m?/day. 5 patients had CTC grade II diarrhoea
which was self limiting and lasted between 1 and 6 days. One
patient, who had disease progression of a peritoneal carcino-
matosis of colon cancer, developed CTC grade IV diarrhoea.
Other mild non-haematological toxicities reported were:
upper abdominal discomfort (10 courses), headache during
topotecan intake (two courses) and CTC grade I stomatitis
(two courses).

At the 4 mg/day fixed dose level studied, 5 patients experi-
enced only mild nausea, vomiting and mild fatigue, 1 patient
CTC grade II diarrhoea, and 1 patient CTC grade II

Table 2. Haematological toxicities (CTC grades; worst per course)

Leucocytes Granulocytes Platelets

Dose level (mg/m?) No. of patients  No. of courses I v I v 111 v
1.2 4()* 19 0 0 0 0 0 0
1.8 10(5)* 31 2 0 4 1 2 1
2.3 8 15 2 3 1 3 0 2
2.7 7 10 5 1 4 4 1 2
4 mg flat 6 34 0 0 6 0 0 0
Total 29 109

*The number in parentheses is the number of patients also studied at this dose level but previously treated at a higher dose level.

CTC, NCI-Common Toxicity Criteria.
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Table 3. Non-haematological toxicities (CTC grades; worst per course)

Nausea Vomiting Diarrhoea Fatigue Anorexia
Dose level No. of Abdominal
(mg/m?) courses I I 111 I II III v I I 11 v 1 1I I I discomfort
1.2 19 3 0 1 4 0 0 1 1 0 0 0 4 0 1 1 0
1.8 31 17 0 1 6 0 1 0 2 1 0 0 5 2 1 0 0
2.3 15 6 1 2 5 1 0 2% 1 2 0 0 6 0 3 1 4
2.7 10 6 1 1 5 2 0 0 3 1 0 1* 3 3 4 0 3
4 mg flat 34 23 0 0 10 2 0 0 2 3 0 0 7 0 1 0 3
Total 109

*Relationship to topotecan possible. CTC, NCI-common toxicity criteria.

Table 4. Pharmacokinetics of oral topotecan once daily x5 (median * standard deviation)

Topotecan lactone

Hydroxy-acid

Topotecan lactone Hydroxy-acid

(day 1) (day 1) (day 4) (day 4)
Dose level Dose AUC (v) AUC (v) AUC (v) AUC (t)
(mg/m?) (mg) (ng.h/ml) 2172 (h) (ngb/ml) 7,2 () (ng.h/ml) 212 (h) (ng.h/ml) 215 (h)
1.20 (n=3) 2.25 16.65 4.22 34.83 3.99 15.46 2.17 27.17 3.65
(0.14) (4.58) 1.17) (6.28) (2.43) (4.31) (1.57) (11.20) (0.63)
1.80 (n=3) 3.00 19.39 2.07 37.75 2.62 21.92 2.91 46.05 3.35
(0.38) (3.57) (1.19) (8.07) (1.23) (2.99) (0.12) (11.17) (0.19)
230 (n=6) 3.95 20.93 3.80 35.51 3.23 28.70 3.58 39.46 4.23
(0.25) (7.15) (1.09) (11.04) (0.64) (10.87) (1.36) (20.29) 1.27)
2.70 (n=4) 5.20 37.01 2.73 62.36 2.70 47.44 4.03 79.81 4.31
(0.45) (13.90) (0.60) (26.70) (1.11) (11.90) (0.46) (41.31) 0.34)
4mg flat (n=6) 4.00 23.80 3.24 46.60 4.00 25.19 451 43.33 3.87
(8.81) (2.78) (14.95) (0.50) (6.65) (2.37) (10.20) (0.88)

t1/2, half-life; AUC, total area under the curve.

alopecia. Skin rash, haematuria, liver or renal toxicity were
not observed with topotecan administration.

Pharmacokinetics and dynamics

Pharmacokinetics were performed in 22 patients (Table 4).
The AUC of topotecan lactone and hydroxy-acid showed
substantial variation. The mean AUC of topotecan lactone
for all patients on day 4 (27.7 £ 11.8 ng.h/ml) is similar to the
AUC on day 1 (23.4%9.7ng.h/ml) (non-significant). The
interpatient % coefficient of variation (%CV) in the AUC of
topotecan lactone on day 1 was 41.5% and the intrapatient
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Figure 1. Sigmoidal relationship between the area under the

curve (AUC) of topotecan and the percentage decrease in leu-
cocytes.

variation was 18.5%. There was a low but significant corre-
lation between dose level and the AUC of topotecan lactone
day 1 (R=0.59, P=0.02). The correlation coefficient was
R=0.52 (P=0.04) between the absolute dose of topotecan
and the AUC of topotecan lactone.

The correlation between the AUC of topotecan lactone
and the percentage decrease in granulocytes and platelets was
significant with R=0.85 (P<0.01) and R=0.66 (<0.01),
respectively. A sigmoidal relationship (gamma of the slope:
3.06) was found between the AUC day 1 and the percentage
decrease in leucocytes (Figure 1; R=0.76, P<0.01). Finally,
the fixed dose of 4 mg/day topotecan for 5 days was studied in
3 female and 3 male patients of different height and weight
and, thus, different body surface area. Pharmacokinetic ana-
lysis of the 4mg/day dose level revealed similar AUC and
half-life as compared with the dose of 2.3 mg/m?/day (non-
significant) (Table 4). At the 4 mg/day dose level, the mean
AUC of topotecan lactone was 22.8+8.8 ng.h/ml and
23.0%7.1 at the 2.3 mg/m?/day dose level.

Responses

A minor response (40% tumour reduction) was seen in 1
patient with liver metastasis of gall bladder cancer lasting for
30 weeks. Stable disease was noted in 5 patients for a median
duration of 30 weeks (range 18-52 weeks).

DISCUSSION
Administration of i.v. topotecan daily for 5 days every 3
weeks has short-lasting non-cumulative neutropenia and/or
thrombocytopenia as the DLT [9-12]. The daily x5 i.v.
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administration of topotecan has shown antitumour activity in
a variety of malignancies, such as ovarian cancer and small
cell lung cancer, and was recently registered in Europe and
the U.S.A. for the second-line treatment of patients with
ovarian cancer [13-19].

A bioavailability of 32—44% of oral topotecan with moder-
ate intrapatient variation creates the opportunity to study
different dose schedules for oral administration.

In the present study, topotecan was adminstered daily for 5
days every 3 weeks, similar to the most frequently studied and
recently registered schedule of i.v. administration [13-29].
The DLT with oral topotecan daily x5 every 3 weeks was
myelosuppression which is comparable to the i.v. daily x5
schedule. The nadirs of leucopenia and granulocytopenia
were at days 12 and 11 and lasted 5.5 and 6.5 days, respec-
tively. The day of onset of granulocytopenia is in con-
cordance with previous studies of i.v. topotecan daily x5 in
which the nadir of granulocytes was reported between days 8
and 15. The median duration of granulocytopenia was 6.5
days (range 2—-12 days) with orally administered topotecan,
the duration was reported to be 3—-5 days in the studies with
i.v. administration [9-12].

The DLT was reached at 2.7 mg/m?/day and the MTD
was determined as 2.3 mg/m?/day. At 2.3 mg/m?/day, ulti-
mately 8 patients were included. In 4 patients, CTC grade
III-IV uncomplicated neutropenia occurred. However, 2 of
these 4 patients were heavily pretreated with three prior che-
motherapy regimens. Since, taken together, only five of 15
courses of this dose level resulted in (uncomplicated) grade
IV myelosuppression, we considered the 2.3 mg/m?/day dose
level as the MTD.

Assuming an average body surface area of 1.75m?, an
average fixed dose of 4 mg/day was calculated at the MTD of
2.3 mg/m?/day. Although this flat dose was only studied for
pharmacokinetic purposes, it is remarkable that myelotoxicity
of topotecan seemed limited to uncomplicated granulocyto-
penia grade III. However, at this dose level, 2 of 6 patients
studied had been pretreated with two prior chemotherapy
regimens in contrast to 4 of 8 patients treated at the 2.3 mg/
m?/day dose level who were pretreated with >two chemo-
therapy regimens. In other words, patient selection might
explain the difference in toxicity; as discussed later, the
pharmacokinetics were not dissimilar.

Anaemia > CTC grade II occurred in 17 patients (58.6%)
in 24.8% of courses. Anaemia is a well documented toxicity
occurring in 11-37% of patients in phase I-II studies with i.v.
administration of topotecan [13-15,19,22]. Similar to daily
X5 1i.v. topotecan, non-haematological toxicities with the oral
formulation were mild and consisted mostly of nausea and
vomiting, which could be easily controlled with conventional
anti-emetics. Other non-haematological toxicities consisted
of fatigue, anorexia and upper abdominal discomfort. In
contrast to the i.v. daily x5 administration, where diarrhoea,
if occurring, is always CTC grade <1, diarrhoea > CTC
grade II occurred in 20.7% of patients with oral administra-
tion of topotecan. Diarrhoea was mild in the majority of cases
and always self limiting.

In a phase I study with oral administration of topotecan
twice daily for 21 days every 28 days, the DLT consisted of
diarrhoea with a median day of onset of day 15 and a median
duration of 8 days (range 7-16) [37]. Prolonged daily oral
administration appears to have more intestinal side-effects
with more vigorous diarrhoea of longer duration. Diarrhoea
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> CTC grade II has been reported as severe toxicity in
patients treated with oral administration of 20-S-camptothe-
cin (40%) and 9-nitro-camptothecin (38%) [38,39]. In
patients treated with i.v. CPT-11 and 20-S-camptothecin,
diarrhoea had been reported as severe toxicity [40-42]. In
view of the difference between the results from oral and i.v.
topotecan, one possibility is that diarrhoea of oral topotecan
is due to local effects at the intestinal mucosa. However, the
exact mechanism of the cause of the diarrhoea is unknown,
but oral exposure to topotecan of limited duration seems
feasible and should certainly be considered.

Pharmacokinetic analyses were performed at all dose
levels, showing a low but significant correlation between the
dose levels and the AUC of the lactone form of topotecan.
Pharmacokinetics were studied at a fixed dose of 4 mg/day in
order to determine if dosing on a mg/m? basis offered any
advantage over the easier fixed dose. Pharmacokinetics
showed no differences between patients treated with 4 mg/day
and patients treated at the 2.3 mg/m?day dose level. The
AUC and half-life were similar. Non-haematological toxi-
cities observed were comparable. Differences in myelotoxicity
with the two dosages compared could be explained from dif-
ferences in the levels of pretreatment of patients, as stated
previously. Significant sigmoidal relationships were estab-
lished between the AUC of topotecan lactone and the per-
centage decrease in leucocytes, granulocytes and platelets.
Compared with the daily x5 i.v. administration, oral topote-
can resulted in a lower systemic exposure to the drug.

Since the side-effects are nevertheless similar, an appro-
priate explanation for the difference is lacking. However,
since oral topotecan showed significant myelotoxicity, sys-
temic exposure from oral administration may be sufficient to
induce antitumour effects. 6 patients in our study with stable
disease were treated for six to 14 courses with topotecan, no
cumulative haematological or non-haematological toxicity
occurred.

In conclusion, orally administered topotecan given daily
for 5 days every 3 weeks has myelosuppression as the DLT.
The recommended dose for phase II studies is 2.3 mg/m?/
day, or alternatively a fixed dose of 4 mg/day. Further studies
are needed to explore fully the potential of oral topotecan as
an antitumour agent. Studies comparing daily x5 i.v. to daily
x5 oral, as well as a phase I study of oral topotecan combined
with i.v. cisplatinum, are ongoing.
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